Information regarding current status of handwashing knowledge, beliefs, attitudes and compliance with handwashing practice in nursing students in Jordan is limited. This study aims to explore handwashing knowledge, beliefs, attitudes, and self-reported compliance and to examine significant variables predicting compliance with handwashing practice among nursing students. The study used a cross-sectional survey design. Results found a statistically significant relationship between nursing students' handwashing compliance and their handwashing knowledge, attitudes, and beliefs (r = 0.68, 0.65, 0.58, P < 0.05), respectively. Also, results revealed three statistically significant predictors. Namely, handwashing knowledge was the strongest predictor (β = 0.423, P = 0.000), followed by attitudes (β = 0.322, P = 0.000), and beliefs (β = 0.171, P = 0.027). Specific handwashing training courses integrated in nursing education curriculum are recommended. These courses need to consider nursing students' handwashing attitudes and beliefs in conjunction with handwashing knowledge.
Introduction
Handwashing is widely recognized as an essential measure in preventing healthcare associated infections in hospitals [1] . Healthcare associated infections are one of main sources of mortality and morbidity in the hospit-als and contribute to the high costs of healthcare services for patients and healthcare services [2] . The Center for Disease Control and Prevention (CDC) declared that healthcare associated infections were caused by nonadherence of healthcare professionals to standard precautions of infection control and recommended handwashing practice during the course of providing patient care [3] . Although there are several evidenced-based recommendations to promote compliance with handwashing and numerous evidences of the advantages of performing handwashing, inadequate levels of compliance with handwashing among healthcare professionals continue to be reported repeatedly [4] [5] .
Nurses are frequently exposed to a variety of sources of infections throughout the process of performing nursing activities [6] . Also, students' nurses are at a higher risk of contracting these infections during their clinical training courses due to their direct contacts with patients [7] . Nevertheless, it was reported that student nurses were found to have low levels of knowledge regarding infection prevention and control [8] [9] , and reported low levels of handwashing compliance [10] . Thus, student nurses have an inevitable role in the spreading of healthcare associated infections [11] . The handwashing studies that have been conducted among nursing students in the Middle East region are scant, especially in Jordan [12] [13] , where the focus of the studies is the healthcare professionals. As far as the authors are aware, no previous studies have been undertaken to investigate the current status of handwashing knowledge, beliefs, attitudes, and compliance among Jordanian undergraduate students' nurses. Therefore, the study specific objectives were: 1) To assess Jordanian nursing students' handwashing knowledge.
2) To assess Jordanian nursing students' handwashing compliance rate.
3) To identify Jordanian nursing students' attitudes and beliefs toward handwashing. 4) To investigate the relationships among nursing students' handwashing compliance, their demographics, knowledge, beliefs, and attitudes. 5) To identify the significant predictors of Jordanian nursing students' compliance to handwashing.
Methodology

Design, Setting, and Sample
A cross-sectional correlational design was utilized. The study was undertaken at nursing school in one public university in middle region of Jordan, which has more than 800 nursing students. The target population comprised all nursing students who met the inclusion criteria and agreed to participate in the study. Inclusion criteria included being a nursing student registered in years 2, 3, and 4 of the 4 year nursing bachelor program. First year nursing students were excluded as they had not entered the clinical practice in the hospitals. The sample size estimated using Cohens Tables [14] . Consequently, the estimated sample size needed to perform the regression analysis test using α = 0.05 and power = 0.80 with six predictors was 97 subjects. However a larger sample size was targeted.
Instrument
The variables of the study were measured using a self-administered questionnaire that had three sections. The first section contained researcher-developed data sheet including participant's age, gender, university gradepoint average (GPA), and level of nursing education. The second section was handwashing knowledge test. The test was developed by the authors according to the world health organization hand hygiene training materials. Students were asked to answer 10 true/false questions in different aspects of handwashing. Each correct answer was allocated 1 point on a total scale score of 10, with higher scores indicating a higher knowledge level. The content of this test was examined by a study group of three nurses who hold PhD's and several strategies were adopted to validate and refine the content of the test. These strategies included establishment the content validity through experts and pilot testing of scale on a group of nursing students who have similar characteristics as the study sample. The third section was the Handwashing Assessment Inventory (HAI) scale, which consisted of three subscales: beliefs about the handwashing outcomes, the handwashing attitudes, and self-report assessment of personal compliance with handwashing [15] . The attitude subscale contains seven items that measure different attitudes towards handwashing (e.g., convenience, necessity), while the handwashing beliefs subscale contains seven items regarding transmission of microorganisms, nurses comfort and behaviors. Both subscales utilize seven-point Likert-type format ranging from 1 (extremely unlikely) to 7 (extremely likely) with a total score range from 7 to 49. Higher scores indicated positive beliefs and attitudes about the handwashing. The last subscale (self-reported compliance with handwashing) asks respondents to estimate the percentage of time (from 0% -100%) they perform handwashing in nine circumstances (e.g., after procedures, after removing gloves), and the average score of the nine circumstances was utilized. In order to assess the reliability of HAI scale, Cronbach's alpha was utilized. O'Boyle et al. [15] utilized the HAI among nurses in the United States and reported a Cronbach's alpha of 0.87 for the self-reported compliance with handwashing subscale and 0.91 for the handwashing attitude subscale. This study found Cronbach's alpha to be 0.64 for the handwashing attitude subscale, 0.66 for the beliefs about handwashing outcomes subscale, and 0.80 for the self-reported compliance with handwashing subscale. The questionnaire was pilot-tested in a similar group of nursing students to ascertain the clarity and acceptability of the questionnaire and to evaluate the feasibility of the study.
Data Collection
The study was approved by Ethical Scientific Research Committee from the relevant university. Then, the students were requested to participate, through advertisements and flyers, in this study. The research team met the students at an assigned office, and those who showed interested were handed the questionnaire and were asked to return them to the assigned office. A cover letter was attached to the questionnaire package included explanations about purpose of the study, rights of the participants, how to complete the questionnaire and ask students for their voluntary participation. The return of completed questionnaires would indicate the consent to participate in the study. The participants' anonymity and confidentiality of data were maintained throughout the study.
Statistical Analysis
Descriptive statistics were used to summarize and describe participants' characteristics. Pearson correlation coefficient test was conducted to investigate the relationships between the independent variables (students' age, level of nursing education, GPA, knowledge of, beliefs about, and attitude toward handwashing) and handwashing compliance as the study dependent variable. In addition, multiple linear regression tests were performed to identify the significant variables that can predict compliance with handwashing among the independent variables. The Statistical Package for the Social Sciences (SPSS Inc., Chicago, II, USA version 19) was used to perform all statistical tests, which were run at α = 0.05 significance level (2-tailed).
Results
Characteristics of Study Participants
A total of 168 questionnaires were distributed and 114 (68%) were returned and included in the analysis. The mean age of the study sample was 21.37 years (SD = 1.12, range from 19 to 26) and 76% (n = 87) were females. The students University GPA ranged from 1.75 to 3.98 out of four (mean = 2.84, SD = 0.55). Most of the participants were in the second and third level of nursing study (45.6%, 46.5%, respectively).
Level of Handwashing Knowledge
The average score of handwashing knowledge was 7.9 out of 10. The highest correct answer (97.4%) was observed for the item "washing hands after removing gloves," whereas the lowest correct answer (50%) was noted when the students answered the item "elbows should be above level of hands while doing surgical handwashing" ( Table 1 ).
Level of Handwashing Compliance
The average score of self-reported handwashing compliance was 78.93% (SD = 13.41). The highest compliance rate (mean = 96.92%, SD = 10.05) was observed for the item "wash hands after direct contact with patients' fluid or instruments," whereas the lowest compliance rate (mean = 54.91%, SD = 27.56) was noted for the item "wash hands when needs to stop care" ( Table 2 ).
Levels of Handwashing Beliefs and Attitudes
The average score for students' handwashing attitudes was 5.03 out of 7 (SD = 1.03). The highest attitude scores (mean = 5.58, SD = 1.80; mean = 4.83, SD = 2.12) were for the following items "Handwashing is beneficial," and "Handwashing is necessary," respectively. The lowest attitude scores (mean = 3.85, SD = 1.94; mean = 4.56, SD = 2.12) were for the following items "Handwashing is soothing," and "Handwashing is reassuring," respectively ( Table 3) . The average score for beliefs about outcomes of handwashing was 5.54 out of 7 (SD = 0.85). The highest beliefs scores (mean = 6.61, SD = 0.92; mean = 6.56, SD = 1.17) were for the following items "Handwashing provide sense of satisfaction" and "Handwashing protect my family from infections," respectively. The lowest beliefs scores (mean = 2.54, SD = 1.81; mean = 4.62, SD = 2.21) were for the following items "Handwashing decreases ability to do tasks," and "Handwashing causes hands become dry," respectively ( Table 3) .
Relationships between the Study Variables
Results of Pearson correlation test analysis revealed no significant relationships among students' age, level of nursing education, and their GPA and handwashing compliance. Also, results revealed that there were statistically significant positive relationships between students' compliance with handwashing and their handwashing knowledge, attitudes, and beliefs (r = 0.68, 0.65, 0.58, P < 0.05) respectively (Table 4 ).
Predictors of Self-Reported Handwashing Compliance
Multiple linear regression analysis was performed to estimate the independent effects of the following variables on handwashing compliance. The variables included: handwashing knowledge, beliefs about handwashing, and attitude towards handwashing, age, level of nursing education, and GPA. As illustrated in Table 5 , analysis revealed a model of three statistically significant predictors (handwashing knowledge, beliefs, attitudes), which estimated for 62.1% of the variance in nursing students' compliance with handwashing. Comparatively, nursing students' knowledge had the higher prediction effect (β = 0.423, P = 0.000), followed that of attitudes (β = 0.322, P = 0.000), and beliefs (β = 0.171, P = 0.027). Also, results revealed that nursing students' GPA, age and level of nursing education were not significant variables predicting compliance with handwashing.
Discussion
This study is the first study to examine handwashing knowledge, attitudes, belief, and compliance and to examine variables predicting compliance with handwashing in a sample of nursing students in a Jordanian context. It was interesting to note that average score of handwashing knowledge was less than optimal 79.17%. However, this score is considered high as compared with 73.7% among students nurses in Greece [16] , 63.57% in Slovakia [17] , and 75% in Singapore [18] . The study findings showed that average score of self-reported compliance with handwashing was 78.93%, which compares favorably with other studies that reported 74.25 % among Jordanian nurses [19] , 63.8% among Jordanian healthcare professionals [20] , and 17% among medical students in Saudi Arabia [21] . In contrast, it is still lower than the rate of compliance reported among students' nurses in Singapore 90% [18] and in Turkey 80.2% [11] .
The average score of compliance with handwashing found in the present study among Jordanian nursing students is considered suboptimal as compared with recommended handwashing practice [3] . This may be related to the lack of proper education and training in handwashing practice in the study sample, which indicates that further attention is required to enhance nursing students' compliance with handwashing. Consistent with previous studies findings [19] [20] the current findings showed that the highest compliance scores were for the items (i.e., after direct contact with patients fluids or instruments, after finish of patient care) and the lowest compliance scores were for the items (i.e., before providing care, when needs to stop care). These finding may indicate that Jordanian nursing students showed more compliance with handwashing at circumstances threatening their health than circumstances threatening their patients. This implies that patient safety aspects should be reinforced during nursing clinical training courses. It was noteworthy that nursing students regarded handwashing as causing harmful effects for their skin, even though they did not believe handwashing damaging their hands. This needs further research to investigate the efficacy and user acceptance of handwashing products used in hospitals and clinical settings.
When evaluating the relationships of handwashing compliance with handwashing knowledge, beliefs, and attitudes, the variables were found to be significantly associated, suggesting that knowledge of, beliefs about, and attitudes toward handwashing influences compliance. Similarly Nasirudeen et al. [18] reported that knowledge of hand hygiene influences compliance. However, Vandijick et al. [22] and Ward [9] pointed out that higher level of handwashing knowledge does not necessarily equate improved handwashing practice. Nevertheless, inadequate handwashing knowledge is a factor that can have negative outcomes on handwashing behavior. Therefore, it was concluded that knowledge acquisition needs continuous handwashing reinforcement training programs to nursing students in the clinical settings [4] .
In agreement with previous results reported among healthcare professionals [20] , and among nurses [15] [19], the study findings indicated that handwashing attitudes and beliefs were significant variables that could be useful in relation to predicting compliance with handwashing. These findings suggested that nursing students are more probably be compliant with handwashing practice when they believe that more benefits and less risk are caused by handwashing. Therefore, enhancement of student nurses' positive handwashing attitudes and beliefs is an important aspect of the process of teaching handwashing practice. As poor levels of knowledge and practice regarding standard infection control precautions were reported among nursing students [8] [9] [11] and as nursing students can have a significant effects on healthcare associated infection rates [11] , it is recommended to revise the nursing education curriculum to incorporate compulsory handwashing courses within the clinical train-ing courses. There are several interactive training and education courses on hand hygiene that could be used to influence beliefs, attitudes and behaviour in order to bring about the desired change in handwashing practice [23] [24] . Moreover, nursing students' performance of handwashing technique should be assessed and evaluated regularly through direct observational surveys to achieve optimal compliance with recommended handwashing practices. However, performing handwashing techniques properly and enhanced hand hygiene compliance requires the availability of a supportive handwashing environment within the clinical training settings [22] . The researchers encourage nursing educators and healthcare organizations managers to encourage nursing students to perform handwashing by providing appropriate handwashing products that are comfortable, easy to use and not damaging their skin. Finally, the findings of the current study should be carefully interpreted because the study was confined to a sample of nursing students drawn from one public university which limits the ability to generalize its results to other populations. In addition, the use of self-administered handwashing questionnaire for evaluating compliance with handwashing is another limitation. Therefore, replication of this study with larger sample and multiple settings and the use of combined approach of self-reported and observation methods for data collection are recommended for future research.
Conclusion
The study findings demonstrated that compliance with recommended handwashing practice among the nursing students was found to be suboptimal. Also, findings revealed that knowledge of, belief about, and attitudes toward handwashing were the significant variables predicting compliance with handwashing. To improve nursing students' competency in dealing with infection control issues and limit the transmission of diseases in the clinical practice settings, appropriate handwashing education courses are needed.
